Background: Ulnar collateral ligament reconstruction (UCLR) is a common procedure in both professional and high-level athletes.
pronator mass, different graft fixation methods such as interference screws, and different graft configurations. 4, 19, 23, 37 While biomechanical studies have shown promising results from these techniques, comparative clinical data are lacking. 20, 21, 30 Furthermore, while the historic results of UCLR have generally been accepted as good, no recent studies have stratified clinical outcomes by technique and athletic level. 4, 7, 23 The purpose of this study was to determine the effect of technique and preoperative level of play on return to sport (RTS) after UCLR. The authors hypothesize that there is no difference in RTS rate with regard to preoperative athletic level or surgical technique after UCLR.
METHODS
A systematic review was conducted according to the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines using a PRISMA checklist. 26 Systematic review registration was performed using the PROSPERO international prospective register of systematic reviews (registration number CRD42015016494). 42 Two reviewers independently conducted the search on April 8, 2015, using the following databases: Medline, Cochrane Central Register of Controlled Trials, SportDiscus, and CINAHL. The electronic search citation algorithm utilized was the following: (((ulnar collateral ligament) NOT thumb) NOT hand). Studies reporting treatment of UCL injuries with UCLR or UCL repair until April 8, 2015 , were eligible for inclusion. English-language clinical studies of evidence levels 1 through 4 (2011 update by the Oxford Centre for Evidence-Based Medicine 41 ) were eligible for inclusion. All references within included studies were cross-referenced for inclusion if missed by the initial search. Studies from every country, provided they were written in English, were eligible for inclusion. If duplicate subject populations were found, the study reporting the greater number of subjects was used for inclusion. Level 5 evidence reviews, letters to the editor, reviews of topics or of public databases, and basic science, biomechanical, cadaver, non-UCLR open elbow surgery, imaging, surgical technique, and classification studies were excluded.
A total of 431 studies were located, and, after implementation of the inclusion criteria, 20 studies were included in the final analysis ( Figure 1 ). Patients of interest in this systematic review underwent either primary or revision UCLR or UCL repair for a symptomatic, deficient UCL. There was no minimum follow-up or specific rehabilitation requirement. Study and subject demographic parameters analyzed included year of publication, years of subject enrollment, presence of study financial conflict of interest, number of subjects and elbows, sex, age, surgical technique, graft choice, presence/absence of preoperative ulnar nerve symptoms, whether the ulnar nerve was transposed intraoperatively, whether arthroscopy was performed, and whether any concomitant procedures were performed. Clinical outcome measures included RTS rates, Conway-Jobe score, Timmerman and Andrews score, and Kerlan-Jobe Orthopaedic Clinic shoulder and elbow score (KJOC). Complications were recorded. Study methodological quality was evaluated using the Modified Coleman Methodology Score (MCMS). 8 
Statistical Analysis
All analyses were conducted using Excel X (Microsoft) and SPSS 21 (IBM). Data were extracted from sources in their original form. Descriptive statistics were calculated with mean ± SDs weighted by sample size. Return-to-play rates were subdivided based on level of play (high school, collegiate, and professional) and technique (American Sports Medicine Institute [ASMI] modification, Docking, Jobe, modified Jobe, modified Docking, hybrid, and DANE-TJ [David Altcheck, Neal ElAttrache, Tommy John]). The ASMI modification of the Jobe technique involves 3 differences from the original technique described by Dr Frank Jobe: (1) the flexor pronator mass is retracted anteriorly rather than detached, (2) all patients undergo concomitant elbow arthroscopy to confirm valgus instability, and (3) the ulnar nerve is transposed subcutaneously instead of submuscularly. 4, 7, 23 Only those techniques reported by at least 3 studies were included, with the exception of the ASMI modification of the Jobe technique due to the size of the series reporting outcomes with this technique. The docking and modified docking techniques were combined, as were the Jobe and modified Jobe techniques as these modifications are relatively subtle. Two-proportion, 2-sample z-test calculators were used with a ¼ .05. These tests allow comparison with a difference in sample sizes between the groups compared.
RESULTS
Twenty studies met inclusion and exclusion criteria.
‡ Overall study quality was low; all included studies were singlecenter retrospective case series (level 4 evidence). Of all studies included, 95% were published from the United States, while 1 study was from Asia. With regard to conflicts of interest, 75% of studies had no conflict of interest, 20% had a conflict of interest present, and 5% did not mention whether a conflict of interest existed. Results did not differ based on presence/absence of conflict of interest. Of the included studies, the mean MCMS was 34.7 ± 5.2. 8 Total number of included patients was 2019 (one-third of whom came from a single study 6 ), of whom 97.4% were male, 1998 (99%) were primary surgeries, and 1929 (95.5%) were reconstructions instead of repairs. The mean age was 21.4 ± 1.7 years. The mean follow-up was 40.3 ± 9.7 months. Of the included patients, 94.5% were baseball players and 79.6% were pitchers. The remainder were athletes in a variety of other overhead sports (Table 1) . Athletes were from a variety of skill levels, with 862 (44.6%) collegiate athletes, 613 (31.7%) professional athletes, 437 (22.6%) high school athletes, 13 (0.7%) middle school athletes, and 7 (0.4%) recreational athletes ( Figure 2 ). Preoperative ulnar neuropathy was encountered in 363 (18.0%) cases.
Surgical technique varied between studies. Some of the differences between techniques can be found in Table 2 . 3, 7, 9, 19, 29, 37, 43 The ASMI variation of the Jobe technique 3 was the most frequently utilized (1266, 65.6%), with the Docking technique 37 being the second most frequently reported (293, 15.1%), the Jobe technique 7 being the third most frequently reported (144, 7.4%), and the modified Jobe technique 43 being the fourth most frequently reported (115, 6.0%) ( Figure 3 ). Graft choice also varied from study to study, with palmaris longus autograft being the most frequently reported (1378, 71.2%), hamstring autograft being the second most frequently reported (372, 19.2%), and allograft being the third most frequently reported (118, 6.0%) ( Figure 4 ). Most patients underwent both concomitant ulnar nerve transposition (1411, 69.9%) and concomitant elbow arthroscopy (1553, 76.9%). Other concomitant procedures, primarily posteromedial olecranon osteophyte excision, were also commonly reported (509, 25.2%).
Outcomes were generally excellent; 1797 (86.2%) were able to return to play. Of those studies that reported outcomes using the Conway-Jobe rating system, 7,40 82% of patients had excellent outcomes, 8% had good outcomes, 6% had fair outcomes, and 4% had poor outcomes. Other standardized outcome scores were infrequently reported, with only 2 studies reporting Timmerman-Andrews scores 44 with a mean final follow-up score of 87.5 ± 6.5. 24, 25 Only 2 studies reported Kerlan-Jobe Orthopaedic Clinic scores, 2 with a mean final follow-up score of 83.5 ± 5.8. 24, 33 Complications were infrequent (213, 10.4%), with transient ulnar neuritis being the most frequently encountered (159, 75.4% of complications) followed by donor site issues including pain, wound dehiscence, weakness, and paresthesia (27, 12 .8% of complications), the need for revision UCLR (14, 6.6%), stiffness (6, 2.8%), reactive synovitis (3, 1.4%), postoperative hematoma (2, 0.9%), and ulnar tunnel fracture (2, 0.9%). The need for subsequent elbow surgery was infrequent (94, 4.7%), with most revision surgery performed for osteophyte excision (59, 62.8%).
When rates of return to play were compared between levels of play, collegiate athletes (95.5%) were more likely to return to play than either high school (89.4%, P ¼ .023, 6, 7 Results for repair were inferior to reconstruction in these 2 studies 6, 7 ; however, results of only UCL repair by Savoie et al 39 showed good to excellent results in 93% of patients. Many studies did not stratify results based on graft choice or treatment of the ulnar nerve, so differences in RTS rates between these variables could not be assessed.
DISCUSSION
Ulnar collateral ligament reconstruction has become a common treatment for patients with symptomatic, deficient UCL tears. The purpose of this review was to determine the overall patient demographic, RTS rate, most common graft choice, most common surgical technique, and complication rate after UCLR. The results of this study indicate that the majority of patients who underwent a UCLR were male (97%) baseball pitchers (80%), and the most common graft choice was a palmaris longus autograft (71.2%), with the ASMI modification of the Jobe technique as the most common surgical technique (65.6%). The overall RTS rate was 86.2% while the complication rate was 10.5%, although the majority of these complications involved transient ulnar neurapraxia (75.4%). Contrary to our hypothesis, collegiate There were similarities as well as several differences between the current study and that of Vitale and Ahmad, 45 including the demographics of patients undergoing UCLR. An interesting difference between the prior review by Vitale and Ahmad 45 and the current study involves the athletic level of patients who underwent UCLR. In the prior study, the majority of UCLRs had been performed in professional athletes (47%), with fewer performed in collegiate athletes (36%), and even fewer performed in high school/ recreational athletes (17%). 45 In contrast, in the current study, the most common level of play in which UCLR was performed was among collegiate athletes (862 patients, 44.3%), with fewer performed in professional (612, 31.7%) and high school (437, 22.6%) athletes, although the percent of high school athletes has increased since the prior review. Furthermore, UCLR has been reported in middle school (junior high) athletes. 39 This trend of younger patients undergoing UCLR is concerning, especially since this trend is a recent phenomenon.
Despite significant efforts at reducing elbow injuries in youth baseball pitchers, including pitch count limitations, increased awareness of elbow injuries, and an attempt to limit pitchers to less than 9 months of pitching per year, injury rates appear to be increasing. 17 It is unclear as to why these efforts have been unsuccessful. The current rules may not be stringent enough, or, more likely, youth pitchers, coaches, and parents are not properly following the current guidelines. 1, 14, 17 The task of ensuring adolescent pitchers adhere to these regulations falls on the parents and coaches who may not understand the nature of youth pitcher injuries. Ahmad et al 1 surveyed coaches, parents, and players (youth, high school, and collegiate) about their perceptions of UCLR. The authors discovered that the public perception regarding UCLR differs vastly from the current literature. In the study, the majority of those surveyed believed that UCLR increased pitching velocity, accuracy, and performance, and that players would return to play from the surgery in less than 1 year. 1, 18, 22 Unfortunately, these expectations are not supported by the literature to date. 15, 22, 27 Future efforts should be made to ensure compliance with these guidelines.
Within our study, RTS rate for high school athletes (89.4%) was significantly less than that of collegiate athletes (95.5%). High school athletes may not have access to the same rehabilitation resources, training staff, and so on. They may also be more likely to switch sports or give up baseball entirely than collegiate athletes, who have invested more time. Furthermore, high school athletes do not have the ability to obtain a medical redshirt as in college, so if a senior in high school undergoes UCLR, they do not get an extra year of eligibility, as is the case in college. The greater heterogeneity in skill level among high school athletes also plays a role, as a majority of high school pitchers will not be sufficiently skilled to play in college. 31 Research has shown that the likelihood of a high school baseball player advancing to the collegiate level is 6.8%, while that of a high school baseball player advancing to the professional level is only 0.5%; the likelihood of a college athlete advancing to professional is 9.4%. 31 Similar explanations, however, cannot explain the significantly lower rate of return to play among professional athletes, which may be due to the chronic nature of the injury, age of the athlete, higher level of competition, and the higher frequency of concomitant pathology. While our study did find higher RTS rates with the docking (97.0%) and ASMI (93.3%) techniques compared with the Jobe technique (66.7%), the majority of patients across all athletic levels underwent UCLR using the ASMI technique, so surgical technique alone was not the cause of this significantly different RTS rate between athletic levels.
Several potential explanations exist for the improved RTS offered by the docking and ASMI techniques as compared with the Jobe technique. One of these includes how the flexor pronator mass is treated for each technique. While the Jobe technique involves transection of the flexor pronator mass, the ASMI and docking techniques involve splitting the flexor pronator mass. 3, 7, 23, 37 Furthermore, the ASMI technique involves a subcutaneous transposition and a routine elbow arthroscopy while the Jobe technique calls for a submuscular ulnar nerve transposition and does not include a routine elbow arthroscopy. The docking technique, however, does not require an ulnar nerve transposition or a routine elbow arthroscopy. No studies have evaluated the utility of an elbow arthroscopy in UCLR, and as such, the utility of this is unclear. It does seem that based on the results of this study, a split in the flexor pronator mass provides better RTS than transection. The higher complication rate with the original Jobe technique may also play a role in the lower RTS rate. 46 In addition, many studies using the Jobe technique were published early on in the development of UCLR, and there have been advances in all portions of perioperative and postoperative care that may also play a role. Future studies examining postoperative rehabilitation as well as causes for failure after UCLR are necessary to better understand these findings.
With regard to common graft choice and surgical technique, palmaris longus autograft was and still is the most common graft choice (71.2% currently and 82% in the prior study), and the ASMI modification of the Jobe technique was the most common surgical technique. While allograft was not used in any patient in the study by Vitale and Ahmad, 45 6.0% of patients included in this study underwent UCLR with allograft. Recent evidence has shown allograft-commonly hamstring-to be a viable option for graft choice in UCLR. One series demonstrated 100% RTS after UCLR with allograft, with 88% returning at the same or higher performance level. 38 Unfortunately, the majority of studies included in this review did not stratify results by graft, so RTS rates and performance could not be compared between the various graft choices.
In the current study, 69.9% of patients had a concomitant ulnar nerve transposition and 76.9% underwent concomitant arthroscopy. Interestingly, only 18.0% of patients had preoperative ulnar nerve symptoms, indicating that the majority of transpositions occur as part of routine exposure during UCLR. The prior review found that 46% of patients had an ulnar nerve transposition, indicating the current trend is to perform an ulnar nerve transposition with UCLR. Furthermore, 45% of patients in the prior study underwent concomitant elbow arthroscopy compared with 76.9% in the current study. However, further prospective clinical study is required to determine whether routine ulnar nerve transposition results in improved outcomes with regard to return to play.
Finally, the overall RTS rate and complication rate between the 2 studies were very similar. The complication rates between both studies were identical at 10.7%. In both studies, the majority of complications involved the ulnar nerve. Similarly, Vitale and Ahmad 45 reported an RTS rate of 83%, while the RTS rate in this study was 86.2%. It should be mentioned that the majority of these studies were from high-volume surgeons/centers; surgical results from lower volume surgeons/centers may not be as good as those reported in this study. Despite advances in surgical techniques and changes in rehabilitation protocols, the RTS rate has not significantly improved. Further studies are necessary to determine the root causes of failure after UCLR to improve the overall RTS rate after UCLR in athletes of all levels of competition.
Limitations
As this study was a review of the literature, it is subject to the limitations of all of the included studies, all of which were level 4 evidence. As the majority of patients included in this study underwent UCLR by a single surgeon, this must be taken into account with regard to the outcomes, graft choice, and surgical technique. Furthermore, other limitations also include heterogeneity between studies, publication bias, the lack of long-term follow-up, and the lack of generalizability to patients in other countries given that only 1 study was published outside the United States. There was also a relative homogeneity among the patients in this study as the majority were male overhead athletes (baseball players, mostly pitchers). Given this homogeneity, the results of this study may not be generalizable to all athletes. The outcome scores reported by the papers included in this study do not take into account how effective players were when they returned to sport (wins, losses, hits, etc), so it is unclear exactly how the players performed on RTS. Finally, although 2 authors performed the literature search, it is possible that some articles were missed. Moving forward, it is our opinion that studies reporting outcomes after UCLR should report all surgical details as well as the KJOC score to allow better assessment of performance on return to play. 2 Now that the RTS rates have been well defined, it is necessary to delve deeper into the results to determine whether players performed at the same level after UCLR.
CONCLUSION
Ulnar collateral ligament reconstruction is performed most commonly in collegiate athletes. Collegiate athletes have the highest RTS rate after UCLR of all levels of competition. The docking and ASMI techniques had higher RTS rates than the Jobe technique.
